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^ ■ The CDF and DO experiments at the Tevatron pp coUider estabhshed that ex- 

Q . tensive and detailed exploration of the b-quark dynamics is possible in hadron col- 

\ lisions, with results competitive and supplementary to B-factories. In this paper we 

\ review the current state of Tevatron's heavy flavor measurements considering two 

^ ■ main categories: searches for non standard model physics (results on rare decays 

■ and CP- violation) and determinations of standard model parameters (annihilation in 

^ . B — > h'^h~ decays and 7 angle measurement through B — > DK modes). 

V 1 Searches for non-SM physics 

r-| ' 1.1 Rare B ^ fifi decays 

^ I Decays mediated by flavor changing neutral currents such as 5° ^ — ?■ are 

> ■ highly suppressed in the Standard Model (SM) because they occur only through 
^ . higher order loop diagrams. The SM expectations for the branching fractions are 
^ : (3.24 ± 0.19) X 10-9 for ^ and (1.04 ± 0.10) x 10-^° for B^ /i+Zi" [Ij. 

I New physics models like MSSM and SUSY boost the branching fractions up to 100 

O I times the SM expectations, so either observation or null results provide crucial infor- 

]~] ' mat ion. 

I . The latest CDF measurement uses 3.7 fb^^ of data obtaining the upper limits BR{Bs — ^ 

> : /x+/i") < 4.3 X 10-8 @ 95% CL and BR{Bd < 7.6 x lO'^ @ 95% CL. DO 
I instead used 6 fb"^ of data measuring BR{Bs f^^fJ'^) < 5.1 x 10^*^ @ 95% CL. 

^ ] Those upper limits are about an order of magnitude above the SM prediction. 

Shortly after the conference CDF released an updated and improved B — )■ fifi anal- 
ysis, which finds an indication of a signal, yielding the first two-sided bound on the 
branching ratio [2]. 

1.2 mixing phase 

The study of B^ — > J /ipip decays allows searching for CP violation effect beyond the 
SM. In these decays CP violation occurs through the interference between the decay 
amplitudes with and without mixing. In the SM the relative phase between these 
decay amplitudes is /3f*^ = arg(— l^sV^^/VcsV^b), expected to be very small. New 
Physics (NP) contributions in the 5° mixing amplitude may alter this mixing phase 
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by a quantity (j)^^ leading to an observed mixing phase 2(3 j^'^'^ ~ 2/3f*^ — 0^^. Hence, 
large values of the observed (3j/^'^ would be an indication of physics beyond the SM. 
Confidence regions in the /S^^'^'^ — AT plane are constructed by CDF while similar 
confidence regions are evaluated by DO in the 0, - AT plane (2/3//'^'^ ^ 0,) (see Fig. 
[1]). The mild discrepancy observed in 2008 is now reduced to la. 
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Figure 1: Confidence regions in the /^//^"^ - AF plane from CDF (left); in the 
plane from DO (right). 
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Both experiments are exploring new ways to probe /3s, for example the Bs 
J/'0/o(98O) decay that can be used to measure /3s without need of angular analysis. 
The two experiments measured the Bg — > J /ipf q{980) branching fraction with respect 
to the 5° -> J/^(f) one using similar technique, such as a neural network selection and 
a simultaneous log likelihood fit for signal and normalization mode. CDF obtained 
Rm, = '''•'''BiBoSi/l^^^^^^^ = 0.257 ± 0.020 ± 0.014 using 3.8 fb-^ of data 

^ and DO measured %/0 = 0.210 ±0.032 ±0.036 using 8 fb'^ [1]. These two results 
are in agreement with Belle and LHCb results [5]. 

1.3 Di-muon charge asymmetry 

In the SM the flavor specific asymmetry in semileptonic b-hadron decays is predicted 
to be small. It can be generated by an asymmetry in the mixing rate between b 
and b mesons. DO measured this asymmetry using 6 fb~^ of data obtaining A^i = 
(-0.957±0.251 ±0.146)% that is significantly different from the SM prediction A^i = 
(-0.023^ 

aooe)*^ [6J- Note from Fig. [H where the green band is obtained from Agi, 
that results from B^ J/'4^<P are consistent with the di-muon charge asymmetry. 
This result has gathered much attention from theorists, and deserves independent 
confirmation. CDF plans to pursue this measurement with a different technique, in 
which precise impact parameter information is associated to muons so that they can 
be unambiguously ascribed to heavy flavor decays. 
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As a fist step, CDF measured the time integrated mixing probability Xb> ^^at measures 
the probabihty for a B hadron to mix, using a subset of the same data that will be 
used for a measurement of Agi and is therefore seen as a preparatory exercise for 
the Asi analysis. The measurement uses 1.5 fb~^ of data collected by CDF and the 
fundamental ingredient is the use of the muon impact parameter to identify the source 
of muons. The time integrated mixing is determined to be Xb — 0.126 ± 0.08, in good 
agreement with the world average. 

1.4 First search of CPV in Bs — > (j)(J) decays 

The Bs — 00 decay belongs to the class of transitions of pseudoscalar mesons into two 
vector particles (P — ?> VV), whose rich dynamics involves three different amplitudes 
corresponding to the polarization states. The Bg — )■ 00 decay is sensitive to the CP- 
violating in the interference between decay with and without mixing. Actually, the 
CP-violating weak phase is predicted to be extremely small in the SM and measure- 
ment of nonzero CP-violating observables would indicate unambiguously NP. Present 
statistics of the Bs 00 data sample are not sufficient for a suitable time-dependent 
analysis of mixing induced CP- violation as the case of the Bs — ?■ J/ipcj). However, an 
investigation of genuine CP-violation observables which could reveal the presence of 
NP, such as triple products (TP) correlation, is accessible [7j. There are two triple 
products {u and v) in the Bs — ?■ 00 decay that are function of the helicity angles. 
The CDF collaboration has made the first measurement of Au and Ay asymmetries 
in Bs — )■ 00 using 2.9 fb~^ of data [8]. The asymmetries are obtained through an un- 
binned maximum likelihood fit. The background asymmetries are consistent with zero 
and the final results for signal asymmetries are Au = (—0.7 ± QA{stat.) ± {syst.))% 
and Ay = (-12.0 ± 6A{stat.) ± l.Q{syst.))%. 

1.5 CPV in h+h- 

CDF has today the world's largest charm samples. This offers the opportunity to 
pursue a rich analysis program that includes access to direct CP violating asymme- 
tries, branching fractions, mixing and mixing-induced CP violation. Examples of 
clean channels with possible additional sources of CP violation in the charm system 
are — )■ 7r~7r"'" and — > K~K^. Contribution to these decays from "penguin" 
amplitudes are negligible in the SM, so the presence of NP particles could enhance 
the size of CP violation with respect to the SM expectation. Any asymmetry signifi- 
cantly larger than a few times 0.1% may ambiguously indicate NP contribution. 
CDF measures the asymmetry using — t- h~h^ decays from charged D* mesons 
through fits of the D^tt mass distributions. In 6 fb~^ of data CDF reconstructs a 
huge sample of D* D^n candidates: 215000 D*-tagged — 7r~7r"^ (and charge 
conjugate) decays, 476000 Z}*-tagged — )■ K^K^ (and c. c.) decays, 5 million 
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i5*-tagged K tt^ (and c. c.) decays and 29 million K tx^ (and c. c.) 

decays where no tag was required. 

The final results are Acp{D^ 7r"7r+) = [+0.22 ± 0.24(stat.) ± 0.11(s?/st.)] and 
Acp{D^ K-K+) = [-0.24 ± 0.22(stat.) ± 0.10{syst.)] which are consistent with 
CP conservation and also with SM predictions, and are th most stringent to date. 

2 Determination of SM parameters 

2.1 First evidence of annihilation in B ^ h^h^ decays 

Two-body non-leptonic charmless decays of b-hadrons are largely studied processes 
in fiavor physics. Some decays receive contributions from higher-order ("penguin") 
transitions, and are therefore sensitive to the possible presence of NP in internal 
loops. The — ?• tt+tt^ and — > K^K^ decay modes have a special status in that 
all quarks in the final state are different from those in the initial state. This limits 
the possible diagrams that contribute to these decay to penguin-annihilation (PA) 
and W-exchange (E) topologies. These amplitudes are difficult to predict within the 
current phenomenological models, and are often neglected in calculations. Estimates 
of these amplitudes in the QCD factorization (QCDF) approach [9] are affected by 
significant uncertainties. Recent perturbative QCD calculation (pQCD) provide some 
potentially testable predictions [TO] . 

CDF reports the results of a simultaneous search for the two decays 5° tt^tt^ 
and B^ K^K~ using 6 fb~^ of data. Fig. [2] shows the B — i- h^h~ invariant mass 
distribution obtained assigning the charged pion mass to both decay products. An 
extended unbinned likelihood fit, incorporating kinematic (kin) and particle identi- 
fication (PID) information provided by the specific ionization {dE/dx) in the CDF 
drift chamber, is performed to determine the fraction of each individual mode in our 
sample. CDF obtains 94 ±28 ±11 5° -> tt+tt- and 120 ±49 ±42 B° K+R- signal 
events. CDF observes the first evidence of B^ — t- tt+tt^ with a significance of 3.7 a, 
while no evidence is found for B^ — > K^K~ mode (2 a of significance). 

CDF quotes relative and absolute branching fractions for the two modes. The 
branching fraction measured for the 5^ — )■ tt+tt" mode ((0.57 ± 0.15 ± 0.10) x 10~^) 
agrees with predictions obtained with the pQCD approach [TU], but it is higher than 
most other theoretical predictions [9]. The measurement of the branching fraction for 
S° K+K- ((0.23 ± 0.10 ± 0.10) x 10"^) is the world's best and it is in agreement 
with other existing measurements [llj and with theoretical predictions [9]. 

2.2 7 angle from B — > DK modes 

The measurement of CP-violating asymmetries and branching ratios of i? — )> DK 
modes allows a theoretically-clean extraction of the CKM angle 7. Using these decays 
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7 could be extracted by exploiting the interference between the tree amplitudes of 
the b — > cus {B^ — > D^K^) and h — ?■ ucs {B^ — > D ) processes. This can be 
obtained in several ways, using different choices of D decay channels. 

A class of decays that has been theoretically studied are B~ — )■ DK~ decays that 
are a coherent superposition of the color favored B~ — )■ D^K~ followed by the doubly 
Cabibbo suppressed decay K~^7i~, and of the color suppressed B~ — )■ D K~ 

followed by the Cabibbo favored decay D — )■ K^tt^ . 

The following observables can be defined |12j : 



where -B [K^n ]]jK is the suppressed (s-up) mode and [K -k^]£,K is the 

favored {fav) mode. These quantities are related to the CKM angle 7 by the equations 
Rads = rl)+rl+2rr)rB cos 7 cos ((5^ + 6d) and Aads = '^rBro sin 7 sin {63 + Sd)/Rads, 
where is the magnitude of the ratio of the amplitudes of the processes B~ — )■ D K~ 
and B~ — )■ D^K~ , and 6b is their relative strong phase; is the magnitude of the 
ratio of the amplitudes of the processes — )■ K~7i~^ and — )■ K~^Tr~, and is 
their relative strong phase. 

CDF describes the first reconstruction of B~ — t- DsupK~ modes performed in 
hadron collisions based on a total integrated luminosity of 7 fb~^ of data [13]. An 
unbinned likelihood fit, exploiting mass and particle identification information pro- 
vided by the specific ionization (dE/dx) in the drift chamber, is performed to sep- 
arate the B — ?► DK contributions from the B — t- Dti signals, from the combi- 
natorial background and from the physics backgrounds. Fig. |3] shows the sup- 
pressed mode invariant mass distributions separated in charge. CDF obtaines 32 ±12 
B — )■ DsupK and 55 ± 14 5 — > Dgupir signal events. CDF observes the first ev- 
idence of i? ^ DsupK signal at a hadron collider with a significance of 3.2 a. 
CDF measures the asymmetries Aads{K) = —0.82 ± 0.44(stat) ± 0.09(syst) and 
Aads{t^) = 0.13 ± 0.25(stat) ± 0.02(syst) and the ratios of doubly Cabibbo sup- 
pressed mode to flavor eigenstate Rads{K) = [22.0 ± 8.6(stat) ± 2.6(syst)] • 10"'^ and 
Rads{''^) = [2-8 ± 0.7(stat) ± 0.4(syst)] • 10"'^. The results are in agreement with 
existing measurements performed at the T(4S') resonance. 
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Figure 2: B ^ h^h~ mass dis- 
tribution. The charged pion mass 
is assigned to both tracks. The 
projections of the hkehhood fit are 
overlaid. 
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Figure 3: Left: Mass distributions of Dg^ph^ 
candidates. Right: Mass distributions of B^ — > 
Dsuph~ candidates. The pion mass is assigned to 
the track from the B decay. The projections of the 
hkehhood fit are overlaid. 
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